Aim: Staphylococcus aureus bacteremia causes significant morbidity and mortality and requires specific management to prevent complications. Most studies evaluating quality of care have been carried out in Europe and North America, and accurate epidemiological data are lacking in Asia. We aimed to describe the epidemiology and evaluate the quality of care for S. aureus bacteremia in Japan.
INTRODUCTION

S
TAPHYLOCOCCUS AUREUS is one of the leading causes of bacteremia. Staphylococcus aureus bacteremia (SAB) causes significant morbidity and mortality, and usually causes complications (e.g., infective endocarditis and metastatic abscess). For the prevention and early detection of these complications, US guidelines for methicillin-resistant S. aureus (MRSA) infection recommended several specific management strategies, particularly follow-up blood cultures, sufficient treatment duration, and echocardiography. 1 Several observational studies have reported that a higher rate of adherence to these recommendations was associated with lower SAB-related mortality. 2, 3 Most studies evaluating quality of care have been undertaken in Europe and North America. In Japan, there have been several small observational studies about SAB, involving fewer than 100 patients. [4] [5] [6] [7] These were all single-center, rather than multicenter studies. Furthermore, there are few published reports regarding the quality of care for SAB in Asia, and there is a lack of studies on the epidemiology of SAB in Japan.
The aim of our multicenter observational study was to describe the epidemiology and evaluate the quality of care for SAB in Japan.
METHODS
O UR STUDY WAS a multicenter retrospective observational study that was undertaken in 10 departments of emergency and critical care, in 10 different hospitals in Japan. The study design was approved by the institutional review board of Wakayama Medical University (Wakayama, Japan), which waived the requirement for informed consent because of the retrospective and observational nature of the study.
We included patients 20 years of age or older, hospitalized between February 2011 and January 2014, with positive blood culture findings for S. aureus. We excluded patients with polymicrobial bacteremia, patients whose blood culture results were considered to reflect contamination, and patients who withdrew from therapy at the time of obtaining blood culture.
A previous systematic review reported that six modifiable quality-of-care indicators had a significant influence on the prognosis of SAB.
2 From among these six indicators, we selected three quality-of-care indicators in our study: followup blood cultures, treatment duration according to the complexity of infection, and echocardiography in those patients with appropriate clinical indications. The retrospective nature of our study did not allow us to evaluate three further quality-of-care indicators: early source control, early use of i.v. cloxacillin for methicillin-susceptible S. aureus (MSSA) as definitive therapy, and adjustment of vancomycin dose according to trough levels. Follow-up blood cultures were judged adequate if they were obtained within 4 days after the first positive blood cultures. The rate of adequate followup blood cultures was calculated as the number of patients with adequate follow-up blood cultures / the number of patients alive at 96 h. Treatment duration according to the complexity of infection was judged adequate if the duration of antimicrobial therapy was ≥14 days for uncomplicated bacteremia and ≥28 days for complicated bacteremia. The rate of adequate treatment duration was calculated as the number of patients with appropriate duration of therapy / the number of patients alive at 14 or 28 days in cases of uncomplicated or complicated bacteremia, respectively. Echocardiography in patients with clinical indications was judged adequate if echocardiography was carried out in patients with complicated bacteremia, irrespective of the type of echocardiography (transthoracic or transesophageal). The rate of adequate echocardiography was calculated as the number of patients with echocardiography / the number of patients with complicated bacteremia. Uncomplicated bacteremia was defined according to the Clinical Practice Guidelines of the Infectious Disease Society of America for the treatment of MRSA infections. 1 We regarded the cases as uncomplicated bacteremia if they met all of the following criteria: exclusion of endocarditis, absence of implanted prostheses, negative follow-up blood cultures, defervescence within 72 h of therapy, and absence of evidence of metastatic sites of infection. When we judged the complexity, we regarded the cases in which no follow-up blood culture was performed as negative follow-up blood cultures. We defined the cases that did not adhere to any of the three quality-of-care indicators as "non-adherent patients." We defined the other cases as "adherent patients." The severity of disease was evaluated at the first positive blood culture, as determined using the Acute Physiology And Chronic Health Evaluation II (APACHE II) score and the Pitt bacteremia score. 8 We collected data about the source of bacteremia from medical records. We did not use any specific diagnostic criteria for identifying the source of bacteremia.
Patients' characteristics and the quality-of-care indicators were compared between survivors and non-survivors. We also compared the patients' characteristics between adherent patients and non-adherent patients.
Statistical analysis
Continuous variables were presented as mean AE standard deviation or median and interquartile range. Categorical variables are presented as number (%). Two groups were compared using the t-test or the Wilcoxon rank-sum test for continuous variables and Fisher's exact test for categorical variables. A two-sided P-value of <0.05 was considered statistically significant, and all analyses were undertaken using JMP Pro software (version 12.2; SAS Institute, Cary, NC, USA).
RESULTS
D
URING THE 3-year study period, 118 patients with SAB were identified. The patients' characteristics are presented in Table 1 . The major source of bacteremia was pneumonia (19%), followed by skin and soft tissue infection (15%), and osteoarticular infection (13%). The rate of cases with pneumonia varied greatly across institutions, from 0% to 50%. In particular, two institutes experienced 10 cases of pneumonia (45%), out of 22 cases of pneumonia overall, across all institutes. Non-survivors were older and had higher APACHE II scores than those of survivors.
Methicillin-resistant S. aureus was identified in 53 patients (45%). For these patients, anti-MRSA agents, including vancomycin, teicoplanin, linezolid, and daptomycin, were prescribed on the day of the first positive blood culture in 22 patients (42%) and the day after proof of 
12 (10) 6 (7) 6 (20) 1 (1) 1 (1) 0 (0) † Acute Physiology and Chronic Health Evaluation II (APACHE II) score was evaluated from the data obtained within 24 h after the first positive blood culture drawing. APACHE II scores were missing in five patients. ‡ Pitt bacteremia score was missing in one patient. § Patients who were transferred from other hospitals were regarded as "unclassified" because of missing data. ¶ Infective prosthetic devices, including central venous catheters, were removed in all patients. The timing of removal was within 2 weeks in 14 patients and after 2 weeks in three patients. IQR, interquartile range; SD, standard deviation.
MRSA was obtained in 25 patients (47%)
. Anti-MRSA agents were not prescribed in the remaining six patients (11%). The first-choice anti-MRSA agents used included vancomycin in 28 patients (60%), teicoplanin in 11 patients (23%), linezolid in six patients (13%), and daptomycin in two patients (4%).
Methicillin-susceptible S. aureus was identified in 64 patients (54%). For these patients, antibiotics to which MSSA was susceptible were prescribed on the day of the first positive blood culture in 62 patients (97%) and on the day after proof of MSSA was prescribed in one patient. Antibiotics to which MSSA was susceptible were not prescribed in the remaining patient.
The adherence to quality-of-care indicators are presented in Table 2 . One-hundred-and-one patients (86%) were nonadherent to any of the three indicators. The rate of adherence to these indicators was not statistically different between survivors and non-survivors. We compared patients' characteristics between adherent patients and non-adherent patients and found that milder patients were prone to low quality of care (Table S1 ). Fourteen patients (12%) were complicated with persistent bacteremia. Thirty patients (25%) died in hospital. Median length of hospital stay was 38 (16-76) days.
DISCUSSION
I
N OUR STUDY, the in-hospital mortality rate of SAB was 25%. Adherence to the three quality-of-care indicators was generally low (19-66%) and, in most patients, adherence to any of the three indicators was considered inadequate.
Previous observational studies have reported a similar mortality rate for SAB (15-40%) as in our study. [2] [3] [4] [5] [6] 9, 10 However, the sources of bacteremia differed significantly between studies. In our study, the most common source of bacteremia was pneumonia (19%). Previous Japanese observational studies reported an inconsistent rate of pneumonia.
One observational study reported a similar rate of pneumonia (17/83, 21%) 6 as that reported in the present study, but another study reported a lower rate of pneumonia (4/73, 5%). 7 In contrast, the studies of SAB that were undertaken outside of Japan generally reported a low rate of pneumonia.
9,10 A prospective observational study of SAB in the USA reported a low rate of respiratory tract infection (12/ 505, 2%). 9 Another prospective study in Spain also reported a low rate of respiratory tract infection (64/908; 7%). 10 In our study, specific diagnostic criteria for pneumonia were not available, and the rate of the cases with pneumonia varied greatly between institutions. In particular, only two institutes accounted for almost half of all cases of pneumonia. This may suggest that the surprisingly high incidence of the pneumonia in our study is simply biased by the attending physicians' decision, and does not reflect the true incidence of pneumonia. Staphylococcus aureus pneumonia may be overdiagnosed in Japan.
In our study, the adherence rate of three quality-of-care indicators was generally low, and the adherence rate of follow-up blood culture was particularly low (19%). In two previous observational studies outside of Asia, the adherence rates of follow-up blood culture were better than in our study (31% 3 and 61% 2 ). These adherence rates were improved by interventions, including infectious diseases service consultation (41% 3 and 80% 2 ), and this improvement was associated with better survival.
2,3 Furthermore, observational studies have reported that infectious disease service consultation was independently associated with reduced SAB-related mortality. 3, 11 Similarly, an observational study has reported that routine infectious disease service consultation for positive blood cultures resulted in improved detection of infective endocarditis. 12 Routine infectious disease service consultation thus seems to be a promising strategy for managing SAB. In contrast, adherence to these indicators was not associated with survival in our study, but this result was not inconsistent with previous studies. The adherence to indicators per se cannot improve outcomes; rather, the interventions related to adherence to these indicators improve outcomes. Our study showed that adequate management for SAB is rare in Japanese emergency and critical care departments. There is much room for improvement of SAB management in Japan, especially in milder patients.
However, our study had several limitations. First, it was a retrospective study. Although the above-mentioned systematic review reported six quality-of-care indicators, 2 we could collect data for only three indicators, due to the retrospective nature of our study. A prospective study is needed to evaluate all six quality-of-care indicators. However, we were able to show that the rate of adherence to at least these three indicators is extremely low in Japan. Second, our study focused on a particular context: emergency and critical care departments, which may limit extrapolation of our results to other circumstances. Third, our study included a relatively smaller number of patients than those in other observational studies that have been carried out in general hospitalized patients. 9, 10 This might be because our study included patients hospitalized only in emergency and critical care departments, and not all hospitalized patients. Another reason might be that many cases of SAB remain undiagnosed in emergency and critical care departments in Japan; however, the retrospective nature of our study does not allow the testing of these hypotheses. Future prospective studies are needed in general hospitalized patients with SAB, to evaluate the effectiveness of interventions for quality-of-care indicators and the recognition rate of SAB in Japan.
CONCLUSIONS
I N-HOSPITAL SAB-related mortality affected one-quarter of patients. The rate of adequate care for SAB in Japanese emergency and critical care departments was extremely low. The low adherence rate of follow-up blood culture was especially notable. Staphylococcus aureus bacteremia should be an important target for quality improvement interventions.
